Objectives: The aim of this study was to examine the use of abiraterone and enzalutamide, two oral novel antiandrogens (NOVAs), in men with prostate cancer (PCa) in Sweden. Materials and methods: This cross-sectional study investigated filled prescriptions for NOVAs recorded in the Swedish Prescribed Drug Register between July 2015 and April 2016. Associations between age, comorbidity, educational level, marital status and county of residence and filled prescriptions were analyzed in the National Prostate Cancer Register (NPCR) and other health population-based registers, using multivariable logistic regression. Results: Of 91,209 men, 1650 (2%) had at least one prescription filled for NOVAs, of whom 1350 (82%) had high-risk or metastatic PCa at diagnosis.. Of 1914 men with M1 disease and a high probability of castration-resistant prostate cancer (CRPC), 22% had a prescription for NOVAs at a median 3 years after the date of diagnosis. At multivariable logistic regression analysis,, the likelihood of NOVA use was lower in older men [age >80 vs <70 years: odds ratio (OR) 0.23, 95% confidence interval (CI) 0.15-0.35] and in men with lower educational level (high vs low education: OR 1.64, 95% CI 1.23-2.20). There was up to a five-fold difference in the use of NOVAs between county councils. Conclusions: Less than one-third of potentially eligible men with CRPC received NOVAs in 2015-2016. There were large differences in use according to age and region of residence, indicating that efforts are needed to improve equal access to novel cancer drugs.
Introduction
Several drugs have been shown to increase survival and improve the quality of life in men with castration-resistant prostate cancer (CRPC) [1] [2] [3] [4] [5] . These drugs include taxanebased chemotherapy, radiopharmaceuticals, and enzalutamide and abiraterone acetate, two novel antiandrogens (NOVAs). The effectiveness of NOVAs has been documented both before and after docetaxel treatment in symptomatic and asymptomatic men, regardless of age. However, the uptake of NOVAs has been slow in many countries owing to the high costs and the large and increasing number of men with CRPC who are potentially eligible for treatment with NOVAs. The duration of time spent in the CRPC state has increased in recent years, with a current median estimate of 2 years [3, 4, 6] . Based on the fact that more than 95% of men who die of prostate cancer (PCa) in Sweden have been treated with androgen deprivation therapy (ADT) before death [7] , it can be inferred that virtually all men who die of PCa have been in the CRPC state before death. Assuming a median survival in the CRPC state of 2 years, 2500 PCa deaths per year, linear trends in survival and that all men in the CRPC state die of PCa, a crude estimate of the number of men in Sweden in the CRPC state would be approximately 5000. While large variations in the use of other costly cancer treatments have been reported [8] , little is known about NOVA use on a population level.
This study examined the use of NOVAs by investigating information on filled (dispensed) prescriptions in the Prescribed Drug Register and other nationwide populationbased healthcare registers and demographic databases in Sweden. More specifically, the aim of the study was to assess approximately: (i) the proportion of men with CRPC who receive NOVAs; (ii) the PCa trajectory before NOVA use; and (iii) factors associated with the receipt of NOVAs in men with CRPC in a real-world setting.
Materials and methods

Data collection
The National Prostate Cancer Register (NPCR) of Sweden has captured 98% of all incident PCa cases in Sweden since 1998, compared to the Cancer Register, to which registration is mandated by law. The NPCR contains detailed information on PCa characteristics and primary treatment but holds no information on subsequent disease trajectory, so men with CRPC cannot be identified in the NPCR [9] . In this study, risk categories of PCa were clustered into favorable-risk and aggressive disease (Table 1) .
Using the individually unique personal identity numbers assigned to all residents of Sweden, data in the NPCR were linked to information in the Prescribed Drug Register, the Patient Register, the Cause of Death Register, the Longitudinal database on socioeconomic factors (LISA, acronym in Swedish) and the Register of Total Population and Population changes in the Prostate Cancer data Base Sweden (PCBaSe) RAPID in May 2016.
Information on filled prescriptions was retrieved from the Prescribed Drug Register, which is updated monthly and captures virtually all filled prescriptions in Sweden, with data on patient identity missing for less than 0.3% of the prescriptions [9] . Dispensation of drugs in hospital or nursing homes settings is not recorded in the Prescribed Drug Register. Filled prescriptions for abiraterone (ATC code L02BX03) and enzalutamide (L02BB04) have been recorded since July 2015.
The burden of concomitant disease was assessed based on the Charlson Comorbidity Index (CCI), estimated using data on discharge diagnoses available in the Patient Register up to 1 July 2015, as described previously [9, 10] .
Information on educational level and income was retrieved from the LISA database. Men were categorized according to the highest attained level of education, into low (< 10 years of education), intermediate (10-12 years) and high (> 12 years), and income was assessed in quartiles.
In Sweden, healthcare is funded by taxation and provided by 20 independent county councils. There is a national process for the introduction of new drug therapies in Sweden in which all county councils, several governmental agencies and the pharmaceutical industry collaborate. The Dental and Pharmaceuticals Benefits Agency (TLV) is responsible for the health economic evaluation. A pharmaceutical company applies for reimbursement for a drug to the TLV and the Pharmaceutical Benefits board decides whether the drug should be subsidized. The New Therapies (NT) council makes recommendations and formulates follow-up protocols for the use of new drug therapies after market authorization. However, the decisions of the NT council and the national guidelines are merely recommendations, and the county council can decide whether or not to follow them.
Design and statistical methods
This was a cross-sectional study on prescriptions for NOVAs that were filled between 1 July 2015 and 30 April 2016 by men who had been diagnosed with PCa in 1998-2014 and registered in the NPCR, and who resided in Sweden on 1 July 2015 ( Figure 1 ). The maximum number of doses in a prescription in Sweden covers 3 months of drug consumption. Therefore, a 4 month run-in period was used to ensure that men did not use NOVAs from prescriptions filled in an earlier calendar period. Men who died or were censored before 1 November 2015 were excluded from comparisons of NOVA users and non-users, since the follow-up was too short. The filling of prescriptions for NOVA was analyzed using logistic regression in univariable and multivariable models including calendar year of diagnosis, age at diagnosis, comorbidity, educational level, marital status and the presence of a university hospital in the county of diagnosis, and presented as odds ratios (ORs) with 95% confidence intervals (CIs).
Results
Of 91,209 men registered in the NPCR between 1998 and 2014 who resided in Sweden on 1 July 2015, 1650 men (2%) had a record of having at least one prescription for NOVA filled between 1 July 2015 and 30 April 2016 (Table 1) . Specifically, 518 out of 1650 men (31%) had a prescription for abiraterone, 1210 (73%) for enzalutamide and 78 men (5%) had prescriptions for both drugs.
The median time from the date of PCa diagnosis to the first NOVA prescription during the study period was 6 years [interquartile range (IQR) 3.3-10.3], and 75% of men were above the age of 70 years at the date of their first filled prescription. There were minor differences between men who received NOVAs and all men with PCa regarding comorbidity, marital status, educational level and income at time of diagnosis. Among men who had received NOVAs, 1350 (82%) had aggressive PCa at the date of diagnosis, including the risk categories high-risk, locally advanced, or regional or bone metastases, and 1019 (68%) had received ADT as primary treatment. In comparison, only 13,593 (15%) of all men with PCa had received primary ADT.
To investigate factors associated with the receipt of NOVAs, 1914 men with a high probability of CRPC were identified, defined by distant metastases at the date of diagnosis, receipt of gonadotropin-releasing hormone (GnRH) agonists on 31 December 2014 and risk on 1 November 2015 (Table 2) . Of these men, 421 (22%) had had a prescription for a NOVA filled at a median time of 3 years (IQR 2-5 years) after diagnosis; 274 of these 421 men (64%) were aged 70 years or older when they had their first prescription for a NOVA filled. There was a strong decrease in the likelihood of receiving NOVAs with increasing age (age >80 vs <70 years: odds ratio (OR) 0.23, 95% confidence interval (CI) 0.15-0.35, Table 3 ). The highest proportion of men receiving NOVA was observed in men below the age of 70 years with no comorbidities at diagnosis, among whom 106 out of 369 (29%) received NOVAs; the proportion was similar for men aged 70-79 years with no comorbidities, 114 of 476 men (24%), low-risk ¼ T1-2, prostate-specific antigen (PSA) < 10 ng/ml and Gleason score (GS) 6; intermediate-risk ¼ T1-2, PSA <20 ng/ml and PSA 10-19.9 ng/ml or GS 7; high-risk ¼ T1-2, PSA <50 ng/ml with GS 8-10 or PSA 20-49.9 ng/ml; locally advanced ¼ T3 and PSA <50 ng/ml; regionally metastatic ¼ PSA <100 ng/ml with T4 or PSA 50-99.9 ng/ml or N1; distant metastases ¼ PSA 100 ng/ml or M1. CCI: Charlson Comorbidity Index; GnRH: gonadotropin-releasing hormone.
whereas among men above the age of 80 with no comorbidities, only 37 out of 267 men (14%) received NOVAs (Supplementary Figure 1) . There was no association between the CCI and use of NOVAs except for in men above 80 years, of whom only 7% of men with CCI =3 or higher received NOVAs (Supplementary Figure 1) . In a subsequent step, the number of men who had had prescriptions for NOVA filled was estimated per 1000 PCa deaths (Figure 2 ). This denominator was used to obtain an approximate measure of the expected number of men with CRPC [11] . There was a five-fold difference in the use of NOVAs between the county with the lowest use of NOVAs (86 per 1000 PCa deaths) and that with the highest use (443 per 1000 PCa deaths). In three of the most populous counties, the use of NOVAs was quite similar: Skåne (233 per 1000 PCa deaths), V€ astra G€ otaland (232 per 1000 PCa deaths) and Stockholm (209 per 1000 PCa deaths). There was also evidence of large differences between counties with regard to primary choice of abiraterone or enzalutamide. Figure 3 shows the likelihood of NOVA use in multivariable analysis according to county of residence at diagnosis, with Stockholm county council as reference. The ORs varied from 0.26 (95% CI 0.08-0.88) for the county with the lowest probability of NOVA use to 3.57 (95% CI 1.83-6.97) for the county with the highest use, paralleling the crude estimates reported in Figure 2 .
During the study period, the use of enzalutamide increased three-fold whereas the use of abiraterone remained constant (Supplementary Figure 2) .
Discussion
The results of this nationwide population-based study in Sweden on filled prescriptions for abiraterone and enzalutamide, two NOVAs, suggest that less than one-third of men with CRPC used NOVAs at any time-point in 2015-2016, with a wide range in use, most strongly related to age and healthcare provider. There was a five-fold difference in NOVA use according to age and county of residence.
Limitations of this study include that the proportion of men with CRPC who had a NOVA prescription filled could only be indirectly estimated, since no data on the prevalence of CRPC in Sweden are available and survival times for patients with CRPC in contemporary clinical practice are unknown. However, the estimate based on filled NOVA prescriptions in men with a high probability of CRPC was quite close to an estimate based on an assessment of around 5000 men in Sweden living with CRPC which, combined with the number of filled prescriptions during the study period, would translate into an approximately 30% uptake of NOVAs in Sweden. While these estimates are based on a number of assumptions that are not entirely true, they are still useful in The grey rectangle represents the study period for filled prescriptions for NOVAs in the PDR. A-E illustrate the different periods during which a patient could be at risk before death or censoring: patient A was at risk during the whole study period; patients B and C died during the study period; patient D died before 1 November 2015 and is not included in the analysis of users vs non-users; patient E died before 1 July 2015 and is not included in the study.
that they provide for the first time a rough estimate of the use of NOVAs in men with CRPC in a large population-based cohort. Taken together, these estimates suggest that less than one-third of men who are potentially eligible for NOVAs had at least one prescription filled for this type of drug. No data were available on use of chemotherapy for PCa as this therapy is delivered in hospital and not included in the Prescribed Drug Register; thus, NOVA use could not be divided into pre-and post-chemotherapy. Drug survival could not be estimated since the study period was too short. Furthermore, it was not possible to assess NOVA receipt according to performance status; however, CCI was used to assess general health status in relation to NOVA receipt. Strengths of this study include the use of a nationwide population-based cohort with comprehensive data from several high-quality healthcare registers and demographic databases, with the virtually complete capture of all diagnoses and treatments during a recent calendar period [9, 12, 13] . The data showed that most men who had prescriptions for NOVAs filled had advanced PCa at diagnosis, a majority had received ADT as primary PCa treatment, and a majority of men were above the age of 70 years when they received their first NOVA prescription. Men on NOVAs in this study were slightly younger than men in the COU-AA-301 and Data are shown as n (%) or median (interquartile range). COU-AA-302 studies on abiraterone (median age: 68, 69 and 70 years, respectively) [14, 15] . In the present study, 82% of men on NOVAs had aggressive disease at diagnosis, whereas only 51% of men in the COU-AA-301 study had a Gleason score 8, with similar differences in comparison to the AFFIRM and PREVAIL studies on enzalutamide [5] .
Two factors were strongly related to NOVA use: age and county of residence. Despite healthy old men experiencing treatment outcomes similar to those in younger men after chemotherapy and NOVAs [16] [17] [18] [19] , and older men being equally motivated to receive chemotherapy for a survival benefit, older age in this study was associated with much lower NOVA use [20] . The present group has previously reported less use of chemotherapy in older men with CRPC [11] : 61% of men with CRPC younger than 70 years received chemotherapy, compared to only 5% of men above 79 years of age. These findings are in line with other studies on PCa, as well as on breast and colorectal cancer [21] [22] [23] , in which older patients were less likely than younger patients to receive aggressive treatment. In contrast, high comorbidity did not decrease NOVA use, except in men above 80 years of age. The present data indicate that decisions on the use of NOVAs were mostly based on chronological age; however, life expectancy based on biological age, i.e. age and comorbidity, should guide treatment selection in men with advanced PCa [24] .
In addition, the use of NOVA prescriptions was higher in men with a high educational level than in men with low education, corroborating earlier findings of more intense workup and active treatment associated with an high educational level [25] [26] [27] . Educational level is likely to be related not only to health awareness and healthcare-seeking behavior, but also to patient-clinician interactions [25] .
This investigation found more than a five-fold difference between counties in the filling of NOVA prescriptions, differences that could not be explained by, for example, the presence of or proximity to a university hospital. To facilitate uptake, the national guidelines state that patients who are potentially eligible for NOVAs should be discussed at a multidisciplinary team conference with urologists and oncologists present. Unfortunately, the availability of these multidisciplinary team conferences for men with advanced PCa in different counties in Sweden is unknown. National recommendations on the use of NOVAs have been in place in Sweden since June 2015, but the present findings indicate a very wide variation between county councils in their adherence to recommendations.
These results are in line with a recent report of striking inequalities in access to oncological drugs in the non-curative setting in many countries across Europe for different types of cancer, including PCa [8] .
To the best of the authors' knowledge, no other nationwide population-based cohort has provided similar information on the use of NOVAs in a real-world setting. Previously, a US study based on electronic medical records in general practice on 809 men who initiated NOVA treatment between 2012 and 2014 reported that abiraterone (74%) was more commonly prescribed than enzalutamide (26%); this could be explained by the earlier approval date for abiraterone [28] . While there were large regional variations in the present study, more prescriptions for enzalutamide than abiraterone were observed, despite there being no recommendation in favor of enzalutamide over abiraterone. The higher and increasing use of enzalutamide is likely to be related to convenience. Potassium levels need to be monitored in men on abiraterone, prednisolone needs to be used concomitantly and there are more food restrictions with abiraterone than for enzalutamide, and these factors may discourage the use of abiraterone for practical reasons not related to oncological effectiveness.
In conclusion, less than one-third of men with PCa in Sweden who were potentially eligible for NOVAs had a prescription for a NOVA filled in 2015-2016. There were large differences in the use of NOVAs according to age and healthcare provider, and to a lesser extent educational level. Efforts are needed to improve equal access to novel cancer drugs in Sweden, including stronger adherence to national guidelines and recommendations for treatment of PCa. 
